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will develop within the first few months. Also, some of the
detected problems within the graft may regress. These
lesions are detected by means of a peak systolic velocity
increase at the site of the problem divided by that recorded
just proximal to the site of stenosis (the velocity ratio [VR]).
One of the potential sites for problems is the venous
valve. In 1996, we became aware that if we scanned the vein
graft from multiple angles, we could identify more valves
than we could in the past. After this change in our protocol,
we began to pay more attention to the valves and the types
of problems they might present. Theoretically, this should
only occur in reversed saphenous vein (RSV), in which no
attempt is made to render the valves incompetent. Although
it would appear that nearly all surgeons agree that a valve-
related stenosis can be a problem, there is sharp disagree-
ment in the literature about the magnitude of this problem.
In an earlier study from this laboratory, Tullis et al5 described
the findings when “functional” valves were seen in RSV
grafts. In this study, such valves were found in 17% of the
RSVs. However, none of these valves required intervention.
Because of these early observations, more attention was paid
to the identification of these valves and their potential role in
the development of hemodynamically significant stenoses.
Our findings are the subject of this report.
PATIENTS AND METHODS
In this prospective duplex vein graft surveillance study,
patients were examined at 1, 2, 3, 4, 6, 9, 12, 18, and 24
months and then annually since 1992. Since 1996, valves
The use of saphenous vein grafts is now the preferred
method to bypass areas of occlusion in the lower limb.
This can be done by means of either the in situ or reversed
vein graft method. In recent years, there has been increas-
ing interest in the use of a monitoring method to detect
problems that may compromise flow in the vein graft lead-
ing to graft thrombosis.
The most commonly used method for ongoing surveil-
lance has been ultrasonic duplex scanning. There have been
numerous reports indicating that secondary patency rates
can be markedly improved with such an approach.1-4 The
protocols, although varying in detail, are all directed at dis-
covering a lesion that may compromise graft function. The
potential sites at which new problems can appear are the
inflow and outflow arteries, the anastomoses, and the body
of the graft. The inflow and outflow problem that can lead
to graft failure is progression of the underlying atherosclero-
sis. Current evidence suggests that myointimal hyperplasia is
responsible for most of the problems that are encountered in
the body of the graft. Most of the problems within the graft
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Follow-up of valves in saphenous vein bypass
grafts with duplex ultrasonography
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Purpose: The objectives of this study were to describe the venous valves and determine their fate over time in reversed
saphenous vein (RSV) and in situ saphenous vein (ISV) bypass grafts with duplex ultrasonography.
Methods: Sixty-four patients contributed 50 RSV and 19 ISV infrainguinal vein grafts. Forty-two of the RSVs and 17
of the ISVs had valves or valve remnants. The grafts and valves were studied serially with duplex ultrasonography to
document the location, characteristics, and changes with time. The valve leaflets visualized by means of ultrasonic
duplex scanning were described as moving, frozen, remnant of a cusp, or “functioning.” In addition, the presence of a
valve sinus and thickening of the wall at the site were documented. Grafts were studied at 1, 2, 3, 4, 6, 9, 12, and 18
months and then annually.
Results: In 42 RSV grafts (84%) and 17 ISV grafts (89.5%), 200 valves were identified. Only five of the 200 valves
(2.5%) required intervention because of a velocity ratio (VR) of 3.5 or greater. Eight (42.1%) of the 19 ISV grafts
needed 15 revisions, and 18 (36%) of the 50 RSV grafts required 30 revisions. The five revisions for a stenotic valve
occurred only in RSV grafts. From the 30 revisions in the RSV grafts, only 16.7% (5 of 30) were for a valve-related
stenosis. The average follow-up period for a valve from the time of detection was 16.1 ± 9.6 months. Ten of the 17
(58.8%) valve-associated stenoses (VR > 2.5) showed a regression to a VR less than 2.0 within a mean time of 3.1
months (range, 1.5-4.5 months). A progression of the valve-associated lesion from a VR less than 2.0 to a VR higher
than 3.5 occurred in only one case within a period of 3.5 months.
Conclusion: The described features of valves in saphenous vein grafts are common and can be identified by means of
duplex sonography. Only 16.7% of the revisions in RSV grafts were performed because of a valve-related stenosis, and
none of the revisions in ISV grafts were performed because of a valve lesion. Lesions associated with a valve may regress
in time. No specific valve features could be identified as “high” risk for graft failure. (J Vasc Surg 2001;33:369-74.)
have been characterized and followed after detection to
document their changes with time. We analyzed all grafts
and graft revisions from October 1996 until January
1999. Sixty-four patients contributed 50 RSV and 19 in
situ vein (ISV) infrainguinal grafts. There were 45 graft
revisions performed to the time of this report. The mean
age of patients was 65.9 years (range, 32-86 years).
The indications for bypass grafting procedures were
severe claudication in 30 cases (43.5%), rest pain in 14
cases (20.3%), and tissue loss in 25 cases (36.2%). The dis-
tal anastomosis was to the above-knee popliteal in 15
grafts (21.7%), to the below-knee popliteal in 27 grafts
(39.15%), and to tibial arteries in the remaining 27 grafts
(39.15%).
The method for duplex scanning for detection of valves
has been reported.2,5 Vein graft lesions were classified with
peak systolic velocity values seen along the graft. At sites of
stenosis, the peak systolic velocity (PSV) at the site of nar-
rowing was divided by that recorded just proximal to the
stenosis (VR), as described by Bandyk.1 Lesions were clas-
sified into one of four categories: 1% to 19% (VR < 2.0 and
PSV < 150 cm/s with B-mode and spectral velocity abnor-
malities), 20% to 49% (VR ≥ 2.0 and PSV < 150 cm/s),
50% to 74% (VR ≥ 2.5 and PSV ≥ 150 cm/s), and 75% or
greater (VR ≥ 3.5 and end-diastolic velocity ≥ 100 cm/s).
All scans were performed by one technologist with the HP
2500 or 5500 ultrasonic duplex scanner (Hewlett-Packard,
Andover, Mass). The graft was scanned with either a 7.5-
MHz or a 4.5-MHz B-mode transducer with a 5.5-MHz
or a 3.5-MHz pulsed-wave Doppler flow detector, respec-
tively. Every attempt to use the higher frequency imaging
transducer was done to provide the best resolution of the
valve features. This ultrasound system allows independent
steering of the B-mode image over a wide range of angles
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Fig 1. The image on left shows an ill-defined sinus region with B-mode image steered straight down and leaflets not visible. The images
on right show same location, with image steered left in top image and image steered right in bottom image. Note that valve leaflets can
be seen because image angles are more perpendicular to leaflet surface.
Fig 2. B-mode image of a valve sinus with frozen valve leaflets.
The wall beneath leaflets appears thickened. The top image is lon-
gitudinal view of thickened sinus with frozen leaflet. The arrow
indicates valve leaflet near posterior wall and thickening beneath
it. The bottom view is cross-sectional image of same sinus. Note
the thickening on far wall of the vessel. The arrows indicate valve
position and thickening associated with it.
to aid in obtaining the desired angles of insonation. An
incident angle perpendicular to the surface is required to
identify the valve leaflets. The vein graft was scanned in its
entirety, divided into seven sections: postproximal anasto-
mosis, proximal, proximal midgraft, midgraft, mid-distal,
distal, and predistal anastomosis. Velocity measurements
were taken with a 60-degree angle of insonation to the ves-
sel axis. In addition to the anastomoses and the body of the
graft, velocity measurements and waveforms were obtained
from the inflow and the outflow vessels. The segments of
the graft suspected to have a valve/valve sinus were metic-
ulously examined in both longitudinal and cross-sectional
views with the B-mode image to identify any valves or valve
remnants. The location of the valve/feature for future ref-
erence was measured from the proximal end of a scar and
recorded for follow-up comparison.
Valve leaflets were defined as thin echogenic surfaces
(interfaces) attached at the wall and extending into the
vessel at an angle. Each leaflet of the pair was found at a
different angle to the transducer. Therefore, using the
beam steering feature was essential in defining their pres-
ence (Fig 1). The presence of the leaflets was verified by
examining the graft in both a longitudinal and transverse
view. The valve leaflets were classified as either frozen,
moving, or “functional.” Frozen leaflets were seen as thin
echogenic surfaces, usually extending at variable angles
from the vessel wall with no movements. A moving leaflet
was defined as an interface that appeared to be free float-
ing in the flow stream, either pulsing or fluttering with
each heart beat. The valve movement was documented by
using the M-mode tracing capability of the scanner.
Doppler spectral waveforms were used as a means of deter-
mining whether any flow disturbance was associated with
the moving leaflet. The identification of a “functioning”
valve, as defined by Tullis et al,5 was based initially on
either the characteristic Doppler waveform or a typical
color flow pattern and then the subsequent visualization
of the mobile valve leaflets on the B-mode image. The
Doppler waveform consists of end-systolic valve closure
and an audible Doppler “click,” followed by various
degrees of reflux or lack thereof. The visualized sinuses
were examined both for dilatation with systole and the
presence of recirculation signifying a period of reverse
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flow. The sinus was also examined to assess the degree to
which it appeared to be “filled in” (Fig 2).
For the in situ vein bypass grafts, the visualized sinuses
were examined to detect the presence of “remnants” of the
leaflets or uncut leaflets. This was most easily done with B-
mode imaging from multiple planes of view. The remnants
were seen to be moving or “fluttering” in the flow stream.
These led to the appearance of transient high amplitude
velocity disturbances in the Doppler spectral waveform.
RESULTS
In 42 (84%) of the 50 RSV grafts and 17 (89.5%) of
the 19 ISV grafts, a total of 200 valves were identified with
duplex ultrasonography. Only five (2.5%) of the 200 valves
required intervention because of the finding of a VR of
more than 3.5. Eight of the 19 ISV grafts (42.1%) needed
15 revisions, but in none of the cases was a retained valve
cusp the cause. Seventeen of the 50 RSV grafts (34%)
needed a total of 30 revisions. The locations of the revi-
sions done in RSV and ISV grafts are shown in Tables I
and II, respectively. In the RSV grafts, the midgraft was
the site of the revision in 10 cases. Of the 10 revisions
done in the midgraft portion of the RSV grafts, 40% (4 of
the 10) were caused by a valve-related stenosis.
The average follow-up period for the detected valves was
16.1 ± 9.6 months (median, 13 months). The mean time
from graft implantation to valve detection was 82 ± 154 days
(range, 9-36 days; median, 34 days). Only 49 of the 69
grafts were examined in the first month after graft implanta-
Table II. Sites of revisions in in situ vein grafts 
Location ISV graft
Inflow artery 3 (13.6%)
Proximal anastomosis 4 (18.2%)
Midgraft 3 (13.6%)
Distal anastomosis 2 (9.1%)
Outflow artery 4 (18.2%)
AVF 6 (27.3%)
Total sites of revisions 22 (100%)
AVF, Arteriovenous fistula; ISV, in situ vein.
Table I. Location of revisions in reversed saphenous vein grafts
RSV graft
Location Valve involved in revision No valve involved in revision Total
Inflow artery 7 7 (21.9%)
Proximal anastomosis 1 9 10 (31.25%)
Midgraft 4 6 10 (31.25%)
Distal anastomosis 2 2 (6.2%)
Outflow artery 3 3 (9.4%)
Total sites of revisions 5 27 32 (100%)
RSV, Reversed saphenous vein.
tion. In these 49 grafts, 174 valves were detected, and 119
of these valves (68%) had been seen already at the first visit.
After 2 months, 140 of the 174 valves (80%) had been
detected, and after 6 months, 160 valves (92%) had been
detected. The degree of diameter reduction suggested by the
VR at the time of first detection is shown in Fig 3.
The five hemodynamically significant stenoses that led
to a revision occurred only in the RSV grafts, which means
that only 16.7% of the revisions in a RSV graft are caused
by a valve-related stenosis (5 of 30 [16.7%]). Ten (58.8%)
of the 17 valve-associated stenoses of more than 50%
showed a regression to less than 20% in a mean time of 3.1
months (range, 1.5-4.5 months). The progression of a
valve-associated lesion from less than 20% to more than
75% occurred in only one case in a period of 3.5 months.
In the five RSV grafts that needed a revision because of
a valve-related stenosis, two were placed above the knee and
three were placed to the below-the-knee position. In each
of the five cases, the valve had been seen at the first visit, and
at the time of revision, at least one leaflet had become
frozen in place. In two grafts, the revised valve had a VR of
more than 3.5 at the time of the first visit. In two grafts, the
valve-related stenosis progressed from a VR of less than 2.5
to a VR of 3.5 or higher in the first 3 months after opera-
tion. In the remaining graft, the valve had a VR less than 3.5
at the first visit, but it progressed to a more than 75% steno-
sis within the next 5 months (Fig 4). The mean time to graft
revision for both the RSV and ISV was 9.4 months (range,
3-21 months). The time to graft revision for the RSV grafts
was 9.0 months (range, 1-27 months). For the ISV grafts it
was 5.7 months (range, 0.5-21 months).
DISCUSSION
One of the most important advances in the manage-
ment of lower extremity vein grafts was the realization that
close surveillance could be a means of detecting correctable
problems that greatly improved the grafts’ secondary
patency rate. Earlier practices ranged from simply ignoring
the graft after it was successfully placed to periodic visits
with measurements of the ankle/brachial index. Both
approaches have been shown to be insensitive to changes in
the vein graft that might lead to ultimate graft failure. It
appears that when a surveillance program is in place, it
should be unusual to lose a vein graft. This possibility was
suggested and verified by the pioneering work of Bandyk.1
The key considerations for any surveillance program are
to know where to look for problems, how to detect them,
and how they should be corrected. In the case of the vein
grafts, there are several sites of interest, including the arter-
ial inflow, the proximal anastomosis, the body of the vein
graft, the distal anastomosis, the outflow arteries, and,
finally, the venous valves. The factors leading to compro-
mise of graft function differ for each of these sites. For the
arterial inflow and outflow, it is progression of the underly-
ing atherosclerosis. For the anastomoses, myointimal hyper-
plasia appears to be a common underlying problem leading
to a stenosis. The same would apply to the body of the vein
graft, except perhaps for problems that may have been
missed at the time of operation. In our institution, intraop-
erative duplex scanning is routinely performed before skin
closure. With the RSV, we do not look for venous valves at
the time of operation, because even if they were detected,
nothing would be done. In the case of the ISV, the graft is
examined for sites of increased flow velocity that might be
related to incomplete valve lysis.
This study began in 1996, when we became aware of
how the valves could be identified. In 1997, we reported
our initial experience with valves seen in RSV grafts, not-
ing that these could be the site of a flow disturbance
because of their motion in the cardiac cycle. We began a
systematic look for valves to document their prevalence
and how often they were responsible for the development
of a hemodynamically significant stenosis. Our data sug-
gest that venous valves can be recognized when the proper
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Fig 3. Graph illustrating degree of diameter reduction associated with each of the velocity ratios used in this study. For a velocity ratio
of 3.5 or greater, the estimated degree of diameter reduction is 75%. (See text for further details.) There were 200 valves detected in
these vein grafts.
scanning technique is used. Although it was possible to
identify the remnants of valves in the ISVs, none of these
remnants were sufficient to lead to a high-grade stenosis.
The literature on the role of the venous valve as a factor in
graft failure is very inconsistent; the estimates of the role
of valve problems in reversed vein grafts as a cause of prob-
lems ranges widely. Moody et al6 in 1992 followed 377
valves that were marked at the time of operation and
found only 1 instance in which a valve-related stenosis was
found. In contrast, Szilagyi et al and Berkowitz et al
reported that 18% to 21% of graft-related stenoses were
caused by valve problems.7,8 These studies were from a
time when duplex surveillance was not available for the
follow-up procedure that we use today.
Because the number of valve-related revisions is so
small, it is impossible to postulate about the etiology of
the valve-related stenosis. Clearly, in the case of the “func-
tional” valves described by Tullis et al,5 the valves appear
thin and extremely flexible. For the valve-related stenoses
that were frozen and required revision, we have not per-
formed a biopsy of these lesions at the time of operation.
The material is white and appears to be fibrotic, which is
what one observes in the later stages of myointimal hyper-
plasia. These very focal lesions were treated with a patch.
When the valves become stenotic, it will be apparent
within the first 3 months of the surveillance follow-up.
These lesions can also regress, as shown by our data,
so close follow-up is needed to determine the fate of these
valves. Of the 200 valves identified in these grafts, only
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five (2.5%) led to a very high-grade stenosis that required
intervention. We did not encounter a problem with a
venous valve in the in situ grafts.
Why some valves become “frozen” in a position that
compromises graft function is not known. Experimentally,
Chaux et al9 showed in the atherosclerotic rabbit model that
where a reversed vein graft has been placed, there are associ-
ated changes in the vein wall at the site of the valve. Bosher
et al10 described the development of diaphragm-like struc-
tures in vein grafts placed in dogs. These lesions developed
approximately 2 to 5 mm distal to a valve and were associ-
ated with medial fibrosis and subendothelial proliferation.
This would suggest that changes in the wall at or near the
site of the valve may be responsible for the fibrotic changes
that lead to the “frozen” position of the valve—be it against
the wall of the sinus or within the lumen of the graft.
In conclusion, although venous valves in RSV grafts
are not a major problem, they should be identified early
and followed closely to determine their fate with time.
This will require diligence on the part of the technologist,
from the time of the first visit when surveillance begins.
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